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(54) METHODS AND SYSTEMS FOR CONTROLLING AN ELECTRONIC DEVICE IN RESPONSE TO 
DETECTED SOCIAL CUES

(57) An electronic device includes an audio capture
device, one or more physical sensors or context sensors,
and one or more processors. A method of operating the
electronic device includes receiving audio input, identi-
fying a device command from the audio input, and de-

tecting one or more multi-modal social cues from an en-
vironment about the electronic device. Where the one or
more multi-modal social cues match one or more prede-
fined criteria, the method executes a control operation in
response to the device command.
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Description

BACKGROUND

TECHNICAL FIELD

[0001] This disclosure relates generally to electronic
devices, and more particularly to electronic devices hav-
ing sensor devices.

BACKGROUND ART

[0002] Electronic devices, and in particular portable,
wireless communication devices, are becoming increas-
ingly technologically advanced. In response, people are
becoming more dependent upon their portable electronic
devices. Only a few years ago a mobile telephone was
a novelty item used only for making telephone calls. By
contrast, people today rely upon "smartphones" to keep
up with their calendars, address books, music collec-
tions, photo collections, and so forth. While the techno-
logical advances are making devices more complex, the
physical size of these devices remains fairly constant, or
alternatively, is getting smaller. Modem smartphones
have evolved to the point that they serve as a computing
device, entertainment device, productivity device, and
communication device, all while neatly slipping into a
pocket.
[0003] These smaller, yet more powerful, devices are
being used for many different applications in many dif-
ferent environments. It would be advantageous to be able
to detect certain environments and adapt performance
of an electronic device to better perform in a given envi-
ronment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004]

FIG. 1 illustrates one explanatory block diagram il-
lustrating a schematic of one explanatory electronic
device in accordance with one or more embodiments
of the disclosure.

FIG. 2 illustrates one or more physical sensors suit-
able for use, alone or in combination, in an electronic
device in accordance with one or more embodiments
of the disclosure.

FIG. 3 illustrates one or more context sensors suit-
able for use, alone or in combination, in an electronic
device in accordance with one or more embodiments
of the disclosure.

FIG. 4 illustrates an explanatory method in accord-
ance with one or more embodiments of the disclo-
sure.

FIG. 5 illustrates various mutli-modal social cues that
can be sensed by one or more physical or context
sensors from an environment about an electronic de-
vice in accordance with one or more embodiments
of the disclosure.

FIG. 6 illustrates another explanatory method in ac-
cordance with one or more embodiments of the dis-
closure.

FIG. 7 illustrates one explanatory electronic device
in use, with the explanatory electronic device using
one or more methods, systems, or sensors in ac-
cordance with one or more embodiments of the dis-
closure.

FIG. 8 illustrates one explanatory electronic device
in use, with the explanatory electronic device using
one or more methods, systems, or sensors in ac-
cordance with one or more embodiments of the dis-
closure.

[0005] Skilled artisans will appreciate that elements in
the figures are illustrated for simplicity and clarity and
have not necessarily been drawn to scale. For example,
the dimensions of some of the elements in the figures
may be exaggerated relative to other elements to help
to improve understanding of embodiments of the present
disclosure.

DETAILED DESCRIPTION OF THE DRAWINGS

[0006] Before describing in detail embodiments that
are in accordance with the present disclosure, it should
be observed that the embodiments reside primarily in
combinations of method steps and apparatus compo-
nents related to using proximity sensor components to
control operation of an electronic device in response to
one or more multi-modal social cues. Any process de-
scriptions or blocks in flow charts should be understood
as representing modules, segments, or portions of code
that include one or more executable instructions for im-
plementing specific logical functions or steps in the proc-
ess.
[0007] Embodiments of the disclosure do not recite the
implementation of any commonplace business method
aimed at processing business information, nor do they
apply a known business process to the particular tech-
nological environment of the Internet. Moreover, embod-
iments of the disclosure do not create or alter contractual
relations using generic computer functions and conven-
tional network operations. Quite to the contrary, embod-
iments of the disclosure employ methods that, when ap-
plied to electronic device and/or user interface technol-
ogy, improve the functioning of the electronic device itself
by and improving the overall user experience to over-
come problems specifically arising in the realm of the
technology associated with electronic device user inter-
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action.
[0008] Alternate implementations are included, and it
will be clear that functions may be executed out of order
from that shown or discussed, including substantially
concurrently or in reverse order, depending on the func-
tionality involved. Accordingly, the apparatus compo-
nents and method steps have been represented where
appropriate by conventional symbols in the drawings,
showing only those specific details that are pertinent to
understanding the embodiments of the present disclo-
sure so as not to obscure the disclosure with details that
will be readily apparent to those of ordinary skill in the
art having the benefit of the description herein.
[0009] It will be appreciated that embodiments of the
disclosure described herein may be comprised of one or
more conventional processors and unique stored pro-
gram instructions that control the one or more processors
to implement, in conjunction with certain non-processor
circuits, some, most, or all of the functions of controlling
device operation in response to one or more multi-modal
social cues as described herein. The non-processor cir-
cuits may include, but are not limited to, a radio receiver,
a radio transmitter, signal drivers, clock circuits, power
source circuits, and user input devices. As such, these
functions may be interpreted as steps of a method to
perform device control in response to one or more multi-
modal social cues. Alternatively, some or all functions
could be implemented by a state machine that has no
stored program instructions, or in one or more application
specific integrated circuits (ASICs), in which each func-
tion or some combinations of certain of the functions are
implemented as custom logic. Of course, a combination
of the two approaches could be used. Thus, methods
and means for these functions have been described
herein. Further, it is expected that one of ordinary skill,
notwithstanding possibly significant effort and many de-
sign choices motivated by, for example, available time,
current technology, and economic considerations, when
guided by the concepts and principles disclosed herein
will be readily capable of generating such software in-
structions and programs and ASICs with minimal exper-
imentation.
[0010] Embodiments of the disclosure are now de-
scribed in detail. Referring to the drawings, like numbers
indicate like parts throughout the views. As used in the
description herein and throughout the claims, the follow-
ing terms take the meanings explicitly associated herein,
unless the context clearly dictates otherwise: the mean-
ing of "a," "an," and "the" includes plural reference, the
meaning of "in" includes "in" and "on." Relational terms
such as first and second, top and bottom, and the like
may be used solely to distinguish one entity or action
from another entity or action without necessarily requiring
or implying any actual such relationship or order between
such entities or actions. Also, reference designators
shown herein in parenthesis indicate components shown
in a figure other than the one in discussion. For example,
talking about a device (10) while discussing figure A

would refer to an element, 10, shown in figure other than
figure A.
[0011] Embodiments of the disclosure contemplate
that users would prefer to have simplified ways of inter-
acting with electronic devices that more seamlessly in-
tegrate into their daily lifestyles, and with the general hu-
man experience as a whole. For example, when a person
asks another person a question, simply annunciating the
question is all that is required. Retrieving information from
an electronic device is not so simple. To figure out, for
instance, how tall the Willis Tower is using a smartphone,
a user needs to unlock the device, navigate the user in-
terface to a web browser, type in the question, wait for
the response to load, and then read the response. To be
sure, communicating with prior art devices is not as
seamless as communicating with a person.
[0012] There have been some advances in electronic
devices recently that have simplified things a bit. Many
smartphones and other electronic devices have voice-
controlled interfaces. Rather than typing a question into
a web browser, a user can ask an automated voice con-
trol engine a question. However, prior to doing so, the
user must activate the automated voice control engine.
Even after doing so, the user must say a "trigger phrase"
to queue the automated voice control engine to listen.
Using an Android.sup.TM device, for instance, a user
might need to say, "OK, Google Now, how tall is the Willis
Tower?" While such a system is far more convenient than
typing the question into a browser, embodiments of the
disclosure contemplate that users would prefer a system
that allowed voice control without having to first state a
trigger phrase. In an ideal world, an electronic device
would understand whenever its owner is asking for some-
thing with no trigger required to provide a more natural,
humanistic experience.
[0013] Embodiments of the disclosure provide an elec-
tronic device that comes close to this ideal. In one or
more embodiments, an electronic device includes one or
more physical and/or context sensors that can operate
in various sensing modes, e.g., acoustically and visually,
to detect one or more multi-modal social cues that occur
in natural conversation among people. Illustrating by ex-
ample, in one embodiment one or more processors are
operable with a combination of physical sensors and con-
text sensors to analyze a voice print of an owner of the
device. In one embodiment, one physical sensor is an
audio capture device, such as a microphone, that is in
an "always ON" state. As such, the audio capture device
is able to capture audio input. The one or more proces-
sors, which can include a digital signal processor, can
then identify whether one or more device commands are
present in the audio input.
[0014] The one or more sensors are then able to detect
one or more multi-modal social cues from an environment
about the electronic device to corroborate that the user
is in fact intending to ask something of the electronic de-
vice. Illustrating by example, an intelligent imager may
detect that a user is gazing or otherwise looking at the
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electronic device. The intelligent imager may alternative-
ly detect that a user is making a gesture, such as a point
or wave, toward the electronic device. The one or more
processors may communicate with a companion elec-
tronic device, such as a smart watch or smart ring, which
include motion detectors, to receive electronic commu-
nications indicating that the companion device has de-
tected a gesture. Other multi-modal social cues will be
described below. Still others will be obvious to those of
ordinary skill in the art having the benefit of this disclo-
sure.
[0015] In one or more embodiments, the one or more
processors can additionally determine the identity of the
user to confirm that the user is in fact intending to ask
something of the electronic device. For example, a voice
interface engine can determine the identity of the user
by matching a voiceprint to stored indicia corresponding
to the user in memory. If the person asking a question is
the owner of an electronic device, it is more likely that
the question is intended for the electronic device than if
asked by a stranger.
[0016] The one or more processors use the one or
more sensors for detecting and inferring the social con-
text of the environment about the electronic device. Illus-
trating by a simple example, in one embodiment an audio
capture device samples ambient acoustic signals as au-
dio input, searching for a pattern matching the known
voice print of the owner of the electronic device, e.g.,
biometric characteristics associated with the owner with
some level of uniqueness. If a match between the sam-
pled signals and the known biometric voice print of the
user is found, in one embodiment the electronic device
might use another sensor, such as an intelligent imager
in the form of a wide-angle front facing camera, to capture
an image. One or more processors can then determine
whether the one or more multi-modal social cues match
one or more predefined criteria. For instance, the one or
more processors may analyze the real-time image to see
if the user is gazing in the direction of the electronic de-
vice.
[0017] If the user is in fact gazing at the electronic de-
vice, i.e., if the one or more multi-modal social cues match
the one or more predefined criteria, the one or more proc-
essors can execute a control operation in response to
the command from the audio input. Said differently, in
one embodiment the one or more processors can proc-
ess the buffered audio signal, perform speech-to-text
conversion, and parse the words to determine if any
meaningful device commands were uttered indicating
that a control operation should be performed.
[0018] If a device command is found, in one embodi-
ment the one or more processors can optionally prompt
the user and ask for confirmation. Illustrating by example,
if the user said, "Please call my wife," while looking at
the phone, the one or more processors may deliver, with
an output device such as a loudspeaker, an output to
confirm the device command. In this example, the one
or more processors may cause the loudspeaker to emit

a voice stating, "Would you like me to call your wife?"
When this occurs, the user can respond, for instance by
stating, "yes." The one or more processors receive this
confirmation with the audio capture device. Accordingly,
the one or more processors can execute the control op-
eration, here making a telephone call to the user’s wife,
in response to the device command. One advantage of
using the optional confirmation step is that if the com-
mand was parsed in error, the user may simply say "no."
When this occurs iteratively, the one or more processors
can use this feedback to learn and improve accuracy.
[0019] Other physical or context sensors can be used
to detect multi-modal social cues as well. For example,
one or more proximity detectors may be used with, or
substituted for, the intelligent imager to detect gestures.
The physical and context sensors can include infrared
sensors, digital thermopile sensors, acoustic sensors, or
low-resolution/low-power image sensors to detect, for
example, a pointing gesture. Likewise, a simple nudge
of the device may be detected by a motion detector. In
another embodiment, an approach gesture may be de-
tected by a proximity detector, and may be used as a
way of temporarily bypassing a trigger phrase and arming
the system to buffer and parse any spoken commands.
Other sensors will be described below. Still others will be
obvious to those of ordinary skill in the art having the
benefit of this disclosure.
[0020] Turning now to FIG. 1, illustrated therein is one
explanatory block diagram schematic 100 of an electron-
ic device in accordance with one or more embodiments
of the disclosure. The electronic device with which the
block diagram schematic 100 can be one of various types
of devices. In one embodiment, the electronic device is
a portable electronic device, one example of which is a
smartphone that will be used in subsequent figures for
illustrative purposes. However, it should be obvious to
those of ordinary skill in the art having the benefit of this
disclosure that the block diagram schematic 100 could
be used with other devices as well, including convention-
al desktop computers, palm-top computers, tablet com-
puters, gaming devices, media players, wearable devic-
es, or other devices. Still other devices will be obvious
to those of ordinary skill in the art having the benefit of
this disclosure.
[0021] In one or more embodiments, the block diagram
schematic 100 is configured as a printed circuit board
assembly disposed within a device housing. In one em-
bodiment, the housing includes two housing members.
A front housing member can define a front of the elec-
tronic device, while a rear-housing member forms the
backside of the electronic device. Features can be incor-
porated into the housing members. Examples of such
features include a camera, an intelligent imager, or an
optional speaker port. Additionally, a user interface com-
ponent such as a button or touch sensitive surface, can
also be disposed along a housing member. Various com-
ponents can be electrically coupled together by conduc-
tors or a bus 101 disposed along a printed circuit board.
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[0022] The illustrative block diagram schematic 100 of
FIG. 1 includes many different components. Embodi-
ments of the disclosure contemplate that the number and
arrangement of such components can change depend-
ing on the particular application. Accordingly, electronic
devices configured in accordance with embodiments of
the disclosure can include some components that are
not shown in FIG. 1, and other components that are
shown may not be needed and can therefore be omitted.
[0023] The illustrative block diagram schematic 100 in-
cludes a user interface 102. In one or more embodiments,
the user interface 102 includes a display, which may op-
tionally be touch-sensitive. In one embodiment, users
can deliver user input to the display of such an embodi-
ment by delivering touch input from a finger, stylus, or
other objects disposed proximately with the display. In
one embodiment, the display is configured as an active
matrix organic light emitting diode (AMOLED) display.
However, it should be noted that other types of displays,
including liquid crystal displays, suitable for use with the
user interface 102 would be obvious to those of ordinary
skill in the art having the benefit of this disclosure.
[0024] In one embodiment, the electronic device in-
cludes one or more processors 103. In one embodiment,
the one or more processors 103 can include an applica-
tion processor and, optionally, one or more auxiliary proc-
essors. One or both of the application processor or the
auxiliary processor(s) can include one or more proces-
sors. One or both of the application processor or the aux-
iliary processor(s) can be a microprocessor, a group of
processing components, one or more ASICs, program-
mable logic, or other type of processing device. The ap-
plication processor and the auxiliary processor(s) can be
operable with the various components of the block dia-
gram schematic 100. Each of the application processor
and the auxiliary processor(s) can be configured to proc-
ess and execute executable software code to perform
the various functions of the electronic device with which
the block diagram schematic 100 operates. A storage
device, such as memory 104, can optionally store the
executable software code used by the one or more proc-
essors 103 during operation.
[0025] In this illustrative embodiment, the block dia-
gram schematic 100 also includes a communication cir-
cuit 105 that can be configured for wired or wireless com-
munication with one or more other devices or networks.
The networks can include a wide area network, a local
area network, and/or personal area network. Examples
of wide area networks include GSM, CDMA, W-CDMA,
CDMA-2000, iDEN, TDMA, 2.5 Generation 3GPP GSM
networks, 3rd Generation 3GPP WCDMA networks,
3GPP Long Term Evolution (LTE) networks, and 3GPP2
CDMA communication networks, UMTS networks, E-
UTRA networks, GPRS networks, iDEN networks, and
other networks. The communication circuit 105 may also
utilize wireless technology for communication, such as,
but are not limited to, peer-to-peer or ad hoc communi-
cations such as HomeRF, Bluetooth and IEEE 802.11

(a, b, g or n); and other forms of wireless communication
such as infrared technology. The communication circuit
105 can include wireless communication circuitry, one of
a receiver, a transmitter, or transceiver, and one or more
antennas.
[0026] In one embodiment, the one or more processors
103 can be responsible for performing the primary func-
tions of the electronic device with which the block diagram
schematic 100 is operational. For example, in one em-
bodiment the one or more processors 103 comprise one
or more circuits operable with the user interface 102 to
present presentation information to a user. The execut-
able software code used by the one or more processors
103 can be configured as one or more modules 120 that
are operable with the one or more processors 103. Such
modules 120 can store instructions, control algorithms,
and so forth.
[0027] Other components 106 operable with the one
or more processors 103 can include output components
such as video, audio, and/or mechanical outputs. For ex-
ample, the output components may include a video out-
put component or auxiliary devices including a cathode
ray tube, liquid crystal display, plasma display, incandes-
cent light, fluorescent light, front or rear projection dis-
play, and light emitting diode indicator. Other examples
of output components include audio output components
such as a loudspeaker disposed behind a speaker port
or other alarms and/or buzzers and/or a mechanical out-
put component such as vibrating or motion-based mech-
anisms.
[0028] Various sensors can be operable with the one
or more processors 103. As shown in FIG. 1, these sen-
sors can be categorized into physical sensors 107 and
context sensors 108. Generally speaking, physical sen-
sors 107 include sensors configured to sense or deter-
mine physical parameters indicative of conditions in an
environment about an electronic device. Illustrating by
example, the physical sensors 107 can include devices
for determining information such as motion, acceleration,
orientation, proximity to people and other objects, light-
ing, capturing images, and so forth. The physical sensors
107 can include various combinations of microphones,
location detectors, temperature sensors, barometers,
proximity sensor components, proximity detector com-
ponents, wellness sensors, touch sensors, cameras, au-
dio capture devices, and so forth. Many examples of
physical sensors 107 will be described below with refer-
ence to FIG. 2. Others will be obvious to those of ordinary
skill in the art having the benefit of this disclosure.
[0029] By contrast, the context sensors 108 do not
measure physical conditions or parameters. Instead,
they infer context from data of the electronic device. Il-
lustrating by example, when a physical sensor 107 in-
cludes a camera or intelligent imager, the context sen-
sors 108 can use data captured in images to infer con-
textual cues. An emotional detector may be operable to
analyze data from a captured image to determine an
emotional state. The emotional detector may identify fa-
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cial gestures such as a smile or raised eyebrow to infer
a person’s silently communicated emotional state, e.g.
joy, anger, frustration, and so forth. Other context sen-
sors 108 may analyze other data to infer context, includ-
ing calendar events, user profiles, device operating
states, energy storage within a battery, application data,
data from third parties such as web services and social
media servers, alarms, time of day, behaviors a user re-
peats, and other factors. Many examples of the context
sensors 108 will be described below with reference to
FIG. 3. Others will be obvious to those of ordinary skill in
the art having the benefit of this disclosure. The context
sensors 108 can be configured as either hardware com-
ponents, or alternatively as combinations of hardware
components and software components. The context sen-
sors 108 can be configured to collect and analyze non-
physical parametric data.
[0030] A heuristic sensor processor 109 is operable
with both the physical sensors 107 and the context sen-
sors 108 to detect, infer, capture, and otherwise deter-
mine when multi-modal social cues are occurring in an
environment about an electronic device. In one embod-
iment, the heuristic sensor processor 109 determines,
from one or both of the physical sensors 107 or the con-
text sensors 108, assessed contexts and frameworks us-
ing adjustable algorithms of context assessment employ-
ing information, data, and events. These assessments
may be learned through repetitive data analysis. Alter-
natively, a user may employ the user interface 102 to
enter various parameters, constructs, rules, and/or par-
adigms that instruct or otherwise guide the heuristic sen-
sor processor 109 in detecting multi-modal social cues,
emotional states, moods, and other contextual informa-
tion. The heuristic sensor processor 109 can comprise
an artificial neural network or other similar technology in
one or more embodiments.
[0031] In one or more embodiments, the heuristic sen-
sor processor 109 is operable with the one or more proc-
essors 103. In some embodiments, the one or more proc-
essors 103 can control the heuristic sensor processor
109. In other embodiments, the heuristic sensor proces-
sor 109 can operate independently, delivering informa-
tion gleaned from detecting multi-modal social cues,
emotional states, moods, and other contextual informa-
tion to the one or more processors 103. The heuristic
sensor processor 109 can receive data from one or both
of the physical sensors 107 or the context sensors 108.
In one or more embodiments, the one or more processors
103 are configured to perform the operations of the heu-
ristic sensor processor 109.
[0032] In one or more embodiments, the block diagram
schematic 100 includes a voice interface engine 110. The
voice interface engine 110 can include hardware, exe-
cutable code, and speech monitor executable code in
one embodiment. The voice interface engine 110 can
include, stored in memory 218, basic speech models,
trained speech models, or other modules that are used
by the voice interface engine 110 to receive and identify

voice commands that are received with audio input cap-
tured by an audio capture device. In one embodiment,
the voice interface engine 110 can include a voice rec-
ognition engine. Regardless of the specific implementa-
tion utilized in the various embodiments, the voice inter-
face engine 110 can access various speech models to
identify speech commands.
[0033] In one embodiment, the voice interface engine
110 is configured to implement a voice control feature
that allows a user to speak a specific device command
to cause the one or more processors 103 to execute a
control operation. For example, the user may say, "How
tall is the Willis Tower?" This question comprises a device
command requesting the one or more processors to re-
trieve, with the communication circuit 105, information
from the Internet to answer the question. Consequently,
this device command can cause the one or more proc-
essors 103 to access an application module, such as a
web browser, to search for the answer and then deliver
the answer as audible output via an audio output of the
other components 106. In short, in one embodiment the
voice interface engine 110 listens for voice commands,
processes the commands and, in conjunction with the
one or more processors 103, returns an output that is the
result of the user’s intent.
[0034] The block diagram schematic 100 can also in-
clude an image/gaze detection-processing engine 111.
The image/gaze detection-processing engine 111 can
be operable with the physical sensors 107, such as a
camera or intelligent imager, to process information to
detect a user’s gaze point. The image/gaze detection-
processing engine 111 can optionally include sensors for
detecting the alignment of a user’s head in three-dimen-
sional space. Electronic signals can then be delivered
from the sensors to the image/gaze detection-processing
engine 111 for computing the direction of user’s gaze in
three-dimensional space. The image/gaze detection-
processing engine 111 can further be configured to de-
tect a gaze cone corresponding to the detected gaze di-
rection, which is a field of view within which the user may
easily see without diverting their eyes or head from the
detected gaze direction. The image/gaze detection-
processing engine 111 can be configured to alternately
estimate gaze direction by inputting images representing
a photograph of a selected area near or around the eyes.
[0035] Turning now to FIG. 2, illustrated therein are
various examples of the physical sensors 107 described
above with reference to FIG. 1. As noted above, physical
sensors 107 to sense or determine physical parameters
indicative of conditions in an environment about an elec-
tronic device. FIG. 2 illustrates several examples physical
sensors 107. It should be noted that those shown in FIG.
2 are not comprehensive, as others will be obvious to
those of ordinary skill in the art having the benefit of this
disclosure. Additionally, it should be noted that the vari-
ous physical sensors 107 shown in FIG. 2 could be used
alone or in combination. Accordingly, many electronic
devices will employ only subsets of the physical sensors
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107 shown in FIG. 2, with the particular subset defined
by device application.
[0036] A first example of a physical sensor is a touch
sensor 201. The touch sensor 201 can include a capac-
itive touch sensor, an infrared touch sensor, resistive
touch sensors, or another touch-sensitive technology.
Capacitive touch-sensitive devices include a plurality of
capacitive sensors, e.g., electrodes, which are disposed
along a substrate. Each capacitive sensor is configured,
in conjunction with associated control circuitry, e.g., the
one or more processors (103), to detect an object in close
proximity with - or touching - the surface of the display
or the housing of an electronic device by establishing
electric field lines between pairs of capacitive sensors
and then detecting perturbations of those field lines.
[0037] The electric field lines can be established in ac-
cordance with a periodic waveform, such as a square
wave, sine wave, triangle wave, or other periodic wave-
form that is emitted by one sensor and detected by an-
other. The capacitive sensors can be formed, for exam-
ple, by disposing indium tin oxide patterned as electrodes
on the substrate. Indium tin oxide is useful for such sys-
tems because it is transparent and conductive. Further,
it is capable of being deposited in thin layers by way of
a printing process. The capacitive sensors may also be
deposited on the substrate by electron beam evapora-
tion, physical vapor deposition, or other various sputter
deposition techniques.
[0038] Another example of a physical sensor 107 is a
geo-locator that serves as a location detector 202. In one
embodiment, location detector 202 is able to determine
location data when an image is captured from a constel-
lation of one or more earth orbiting satellites, or from a
network of terrestrial base stations to determine an ap-
proximate location. Examples of satellite positioning sys-
tems suitable for use with embodiments of the present
invention include, among others, the Navigation System
with Time and Range (NAVSTAR) Global Positioning
Systems (GPS) in the United States of America, the Glo-
bal Orbiting Navigation System (GLONASS) in Russia,
and other similar satellite positioning systems. The sat-
ellite positioning systems based location fixes of the lo-
cation detector 202 autonomously or with assistance
from terrestrial base stations, for example those associ-
ated with a cellular communication network or other
ground based network, or as part of a Differential Global
Positioning System (DGPS), as is well known by those
having ordinary skill in the art. The location detector 202
may also be able to determine location by locating or
triangulating terrestrial base stations of a traditional cel-
lular network, such as a CDMA network or GSM network,
or from other local area networks, such as Wi-Fi net-
works.
[0039] Another physical sensor 107 is a near field com-
munication circuit 203. The near field communication cir-
cuit 203 can be included for communication with local
area networks to receive information regarding the con-
text of the environment in which an electronic device is

located. Illustrating by example, the near field communi-
cation circuit 203 may obtain information such as weather
information and location information. If, for example, a
user is at a museum, they may be standing near an exhibit
that can be identified with near field communication. This
identification can indicate that the electronic device is
both indoors and at a museum. Accordingly, if the user
requests additional information about an artist or a paint-
ing, there is a higher probability that the question is a
device command asking the one or more processors
(103) to search for than information with a web browser.
Alternatively, the near field communication circuit 203
can be used to receive contextual information from kiosks
and other electronic devices. The near field communica-
tion circuit 203 can also be used to obtain image or other
data from social media networks. Examples of suitable
near field communication circuits include Bluetooth com-
munication circuits, IEEE 801.11 communication circuits,
infrared communication circuits, magnetic field modula-
tion circuits, and Wi-Fi circuits.
[0040] Another example of a physical sensor 107 is
the motion detector 204. Illustrating by example, an ac-
celerometer, gyroscopes, or other device can be used
as a motion detector 204 in an electronic device. Using
an accelerometer as an example, an accelerometer can
be included to detect motion of the electronic device. Ad-
ditionally, the accelerometer can be used to sense some
of the gestures of the user, such as one talking with their
hands, running, or walking.
[0041] The motion detector 204 can also be used to
determine the spatial orientation of an electronic device
as well in three-dimensional space by detecting a grav-
itational direction. In addition to, or instead of, an accel-
erometer, an electronic compass can be included to de-
tect the spatial orientation of the electronic device relative
to the earth’s magnetic field. Similarly, one or more gy-
roscopes can be included to detect rotational motion of
the electronic device.
[0042] Another example of a physical sensor 107 is a
force sensor 205. The force sensor can take various
forms. For example, in one embodiment, the force sensor
comprises resistive switches or a force switch array con-
figured to detect contact with either the display or the
housing of an electronic device. The array of resistive
switches can function as a force-sensing layer, in that
when contact is made with either the surface of the dis-
play or the housing of the electronic device, changes in
impedance of any of the switches may be detected. The
array of switches may be any of resistance sensing
switches, membrane switches, force-sensing switches
such as piezoelectric switches, or other equivalent types
of technology. In another embodiment, the force sensor
can be capacitive. In yet another embodiment, piezoe-
lectric sensors can be configured to sense force as well.
For example, where coupled with the lens of the display,
the piezoelectric sensors can be configured to detect an
amount of displacement of the lens to determine force.
The piezoelectric sensors can also be configured to de-
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termine force of contact against the housing of the elec-
tronic device rather than the display.
[0043] Another example of physical sensors 107 in-
cludes proximity sensors. The proximity sensors fall in
to one of two camps: active proximity sensors and "pas-
sive" proximity sensors. These are shown as proximity
detector components 206 and proximity sensor compo-
nents 207 in FIG. 2. Either the proximity detector com-
ponents 206 or the proximity sensor components 207
can be generally used for gesture control and other user
interface protocols., some examples of which will be de-
scribed in more detail below.
[0044] As used herein, a "proximity sensor component"
comprises a signal receiver only that does not include a
corresponding transmitter to emit signals for reflection
off an object to the signal receiver. A signal receiver only
can be used due to the fact that a user’s body or other
heat generating object external to device, such as a wear-
able electronic device worn by user, serves as the trans-
mitter. Illustrating by example, in one the proximity sensor
components 207 comprise a signal receiver to receive
signals from objects external to the housing of an elec-
tronic device. In one embodiment, the signal receiver is
an infrared signal receiver to receive an infrared emission
from an object such as a human being when the human
is proximately located with the electronic device. In one
or more embodiments, the proximity sensor component
is configured to receive infrared wavelengths of about
four to about ten micrometers. This wavelength range is
advantageous in one or more embodiments in that it cor-
responds to the wavelength of heat emitted by the body
of a human being.
[0045] Additionally, detection of wavelengths in this
range is possible from farther distances than, for exam-
ple, would be the detection of reflected signals from the
transmitter of a proximity detector component. In one em-
bodiment, the proximity sensor components 207 have a
relatively long detection range so as to detect heat em-
anating from a person’s body when that person is within
a predefined thermal reception radius. For example, the
proximity sensor component may be able to detect a per-
son’s body heat from a distance of about ten feet in one
or more embodiments. The ten-foot dimension can be
extended as a function of designed optics, sensor active
area, gain, lensing gain, and so forth.
[0046] Proximity sensor components 207 are some-
times referred to as a "passive IR system" due to the fact
that the person is the active transmitter. Accordingly, the
proximity sensor component 207 requires no transmitter
since objects disposed external to the housing deliver
emissions that are received by the infrared receiver. As
no transmitter is required, each proximity sensor compo-
nent 207 can operate at a very low power level. Simula-
tions show that a group of infrared signal receivers can
operate with a total current drain of just a few microamps.
[0047] In one embodiment, the signal receiver of each
proximity sensor component 207 can operate at various
sensitivity levels so as to cause the at least one proximity

sensor component 207 to be operable to receive the in-
frared emissions from different distances. For example,
the one or more processors (103) can cause each prox-
imity sensor component 207 to operate at a first "effec-
tive" sensitivity so as to receive infrared emissions from
a first distance. Similarly, the one or more processors
(103) can cause each proximity sensor component 207
to operate at a second sensitivity, which is less than the
first sensitivity, so as to receive infrared emissions from
a second distance, which is less than the first distance.
The sensitivity change can be effected by causing the
one or more processors (103) to interpret readings from
the proximity sensor component 207 differently.
[0048] By contrast, proximity detector components 206
include a signal emitter and a corresponding signal re-
ceiver. While each proximity detector component 206 can
be any one of various types of proximity sensors, such
as but not limited to, capacitive, magnetic, inductive, op-
tical/photoelectric, imager, laser, acoustic/sonic, radar-
based, Doppler-based, thermal, and radiation-based
proximity sensors, in one or more embodiments the prox-
imity detector components 206 comprise infrared trans-
mitters and receivers. The infrared transmitters are con-
figured, in one embodiment, to transmit infrared signals
having wavelengths of about 860 nanometers, which is
one to two orders of magnitude shorter than the wave-
lengths received by the proximity sensor components.
The proximity detector components can have signal re-
ceivers that receive similar wavelengths, i.e., about 860
nanometers.
[0049] In one or more embodiments, each proximity
detector component 206 can be an infrared proximity
sensor set that uses a signal emitter that transmits a
beam of infrared light that reflects from a nearby object
and is received by a corresponding signal receiver. Prox-
imity detector components 206 can be used, for example,
to compute the distance to any nearby object from char-
acteristics associated with the reflected signals. The re-
flected signals are detected by the corresponding signal
receiver, which may be an infrared photodiode used to
detect reflected light emitting diode (LED) light, respond
to modulated infrared signals, and/or perform triangula-
tion of received infrared signals.
[0050] Another example of a physical sensor is a mois-
ture detector 208. A moisture detector 208 can be con-
figured to detect the amount of moisture on or about the
display or the housing of the electronic device. This can
indicate various forms of context. Sometimes, it can in-
dicate rain or drizzle in the environment about the elec-
tronic device. Accordingly, if a user is frantically asking
"Call a cab!" the fact that moisture is present may in-
crease the likelihood that this ask is a device command.
The moisture detector 208 can be realized in the form of
an impedance sensor that measures impedance be-
tween electrodes. As moisture can be due to external
conditions, e.g., rain, or user conditions, perspiration, the
moisture detector 208 can function in tandem with IS-
FETS configured to measure pH or amounts of NaOH in
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the moisture or a galvanic sensor 209 to determine not
only the amount of moisture, but whether the moisture is
due to external factors, perspiration, or combinations
thereof.
[0051] An intelligent imager 210 can be configured to
capture an image of an object and determine whether
the object matches predetermined criteria. For example,
the intelligent imager 210 operate as an identification
module configured with optical recognition such as in-
clude image recognition, character recognition, visual
recognition, facial recognition, color recognition, shape
recognition and the like. Advantageously, the intelligent
imager 210 can be used as a facial recognition device to
determine the identity of one or more persons detected
about an electronic device. For example, in one embod-
iment when the one or more proximity sensor compo-
nents 207 detect a person, the intelligent imager 210 can
capture a photograph of that person. The intelligent im-
ager 210 can then compare the image to a reference file
stored in memory (104), to confirm beyond a threshold
authenticity probability that the person’s face sufficiently
matches the reference file. Beneficially, optical recogni-
tion allows the one or more processors (103) to execute
control operations only when one of the persons detected
about the electronic device are sufficiently identified as
the owner of the electronic device.
[0052] In addition to capturing photographs, the intel-
ligent imager 210 can function in other ways as well. For
example, in some embodiments the intelligent imager
210 can capture multiple successive pictures to capture
more information that can be used to determine social
cues. Alternatively, the intelligent imager 210 can capture
or video frames, with or without accompanying metadata
such as motion vectors. This additional information cap-
tured by the intelligent imager 210 can be used to detect
richer social cues that may be inferred from the captured
data.
[0053] A barometer 211 can sense changes in air pres-
sure due to environmental and/or weather changes. In
one embodiment, the barometer 211 includes a cantilev-
ered mechanism made from a piezoelectric material and
disposed within a chamber. The cantilevered mechanism
functions as a pressure sensitive valve, bending as the
pressure differential between the chamber and the envi-
ronment changes. Deflection of the cantilever ceases
when the pressure differential between the chamber and
the environment is zero. As the cantilevered material is
piezoelectric, deflection of the material can be measured
with an electrical current.
[0054] A gaze detector 212 can comprise sensors for
detecting the user’s gaze point. The gaze detector 212
can optionally include sensors for detecting the alignment
of a user’s head in three-dimensional space. Electronic
signals can then be delivered from the sensors to the
gaze detection processing (111) for computing the direc-
tion of user’s gaze in three-dimensional space. The gaze
detector 212 can further be configured to detect a gaze
cone corresponding to the detected gaze direction, which

is a field of view within which the user may easily see
without diverting their eyes or head from the detected
gaze direction. The gaze detector 212 can be configured
to alternately estimate gaze direction by inputting to the
gaze detection processing (111) images representing a
photograph of a selected area near or around the eyes.
It will be clear to those of ordinary skill in the art having
the benefit of this disclosure that these techniques are
explanatory only, as other modes of detecting gaze di-
rection can be substituted in the gaze detector 212 of
FIG. 2.
[0055] A light sensor 213 can detect changes in optical
intensity, color, light, or shadow in the environment of an
electronic device. This can be used to make inferences
about context such as weather or other cues. For exam-
ple, if the light sensor 213 detects low-light conditions in
the middle of the day when the location detector 202 in-
dicates that the electronic device is outside, this can be
due to cloudy conditions, fog, or haze. An infrared sensor
can be used in conjunction with, or in place of, the light
sensor 213. The infrared sensor can be configured to
detect thermal emissions from an environment about an
electronic device. Where, for example, the infrared sen-
sor detects heat on a warm day, but the light sensor de-
tects low-light conditions, this can indicate that the elec-
tronic device is in a room where the air conditioning is
not properly set. Similarly, a temperature sensor 214 can
be configured to monitor temperature about an electronic
device.
[0056] The physical sensors 107 can also include an
audio capture device 215. In one embodiment, the audio
capture device 215 includes one or more microphones
to receive acoustic input. While the one or more micro-
phones can be used to sense voice input, voice com-
mands, and other audio input, in some embodiments they
can be used as environmental sensors to sense environ-
mental sounds such as rain, wind, and so forth.
[0057] In one embodiment, the one or more micro-
phones include a single microphone. However, in other
embodiments, the one or more microphones can include
two or more microphones. Where multiple microphones
are included, they can be used for selective beam steer-
ing to, for instance, determine from which direction a
sound emanated. Illustrating by example, a first micro-
phone can be located on a first side of the electronic
device for receiving audio input from a first direction, while
a second microphone can be placed on a second side
of the electronic device for receiving audio input from a
second direction. The one or more processors (103) can
then select between the first microphone and the second
microphone to beam steer audio reception toward the
user. Alternatively, the one or more processors (103) can
process and combine the signals from two or more mi-
crophones to perform beam steering.
[0058] In one embodiment, the audio capture device
215 comprises an "always ON" audio capture device. As
such, the audio capture device 215 is able to capture
audio input at any time that an electronic device is oper-
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ational. As noted above, in one or more embodiments,
the one or more processors, which can include a digital
signal processor, can identify whether one or more de-
vice commands are present in the audio input captured
by the audio capture device 215.
[0059] One further example of the physical sensors
107 is a hygrometer 216. The hygrometer 216 can be
used to detect humidity, which can indicate that a user
is outdoors or is perspiring. As noted above, the illustra-
tive physical sensors of FIG. 2 are not comprehensive.
Numerous others could be added. For example, a wind-
speed monitor could be included to detect wind. Accord-
ingly, the physical sensors 107 of FIG. 2 are illustrative
only, as numerous others will be obvious to those of or-
dinary skill in the art having the benefit of this disclosure.
[0060] Turning to FIG. 3, illustrated therein are various
examples of context sensors 108. As with FIG. 2, the
examples shown in FIG. 3 do not constitute a compre-
hensive list. Numerous other context sensors 108 will be
obvious to those of ordinary skill in the art having the
benefit of this disclosure.
[0061] In one embodiment, a mood detector 301 can
infer a person’s mood based upon contextual information
received from the physical sensors (107). For example,
if the intelligent imager (210) captures a picture, multiple
successive pictures, video, or other information from
which a person can be identified as the owner of the
electronic device, and she is crying in the picture, multiple
successive pictures, video, or other information, the
mood detector 301 can infer that she is either happy or
sad. Similarly, if the audio capture device (215) captures
a user’s voice and the user is yelling or cursing, the mood
detector 301 can infer that the user is likely angry or upset.
[0062] The emotional detector 302 can function in a
similar manner to infer a person’s emotional state from
contextual information received from the physical sen-
sors (107). Illustrating by example, if the intelligent im-
ager (210) captures a picture, multiple successive pic-
tures, video, or other information relating to of the owner
of an electronic device, the emotional detector 302 can
infer their silently communicated emotional state, e.g. joy,
anger, frustration, and so forth. This can be inferred from,
for example, facial gestures such as a raised eyebrow,
grin, or other feature. In one or more embodiments, such
emotional cues can indicate the user is intending to issue
a command to the electronic device. Alternatively, emo-
tion can be detected from voice inflections, or words
used. If someone screams, "I hate you," there are likely
negative emotional issues involved, for example.
[0063] Calendar information and events 320 can be
used to detect social cues. If, for example, a calendar
event indicates that a birthday party is occurring, this can
imply festive and jovial social cues. However, if a funeral
is occurring, it is unlikely that a user will be issuing device
commands to an electronic device as funerals tend to be
quiet affairs.
[0064] Wellness information 303 can be used to detect
social cues. If, for example, wellness information 303 in-

dicates that a person’s heart rate is high, and they are
perspiring, and the location information 315 indicates that
a person is in an alley of a city, and the time of day infor-
mation 308 indicates that its 3AM, the person may be
under duress. Accordingly, the command "Call 911" is
highly likely to be a device command.
[0065] Alarm information 304 can be used to detect
social cues. If an alarm has just sounded at 6:00 AM, the
command "snooze" is likely to be a device command.
Personal identification information 305 can be used to
detect social cues as well. If a person is a diabetic, and
wellness sensors show them to be clammy and sweaty,
this could be due to low insulin. Accordingly, the com-
mand "Call 911" is highly likely to be a device command.
[0066] Device usage data 306 can indicate social cues.
If a person is searching the web, and an incoming call is
received, the command "decline" is likely to be a device
command. Energy storage 307 within an electronic de-
vice can be used to indicate a social cue. Device oper-
ating mode information 309 can be used in a similar fash-
ion. When energy storage drops to, for example, ten per-
cent, the command "shut down all non-critical apps" is
likely to be a device command.
[0067] Consumer purchase information 311 can cer-
tainly indicate social cues. If, for example, a person is a
sommelier and frequently purchases wine, when viewing
a web browser and finding a bottle of ’82 Lafite for under
$1000, the command "buy that wine now" is likely to be
a device command.
[0068] Device usage profiles 312 can be used to infer
social cues as well. If, for example, a person never uses
an electronic device between 10:00 PM and 6:00 AM due
to the fact that they are sleeping, if they happen to talk
in their sleep and say, "order a pizza - I’m starving," this
is not likely to be a device command.
[0069] Organizations can have formal rules and poli-
cies 310, such as meetings cannot last more than an
hour without a break, one must take a lunch break be-
tween noon and 2:00 PM, and brainstorming sessions
occur every morning between 9:00 and 10:00 AM. Sim-
ilarly, families can have similar rules and policies 313,
such as dinner occurs between 6:00 and 7:00 PM. This
information can be used to infer social cues such as
whether a person is likely to be in conversation with other
people. When this is the case, spoken questions are less
likely to be device commands. By contrast, when a user
is likely to be alone, spoken commands are more likely
to be device commands.
[0070] Application data 314 can indicate social cues.
If a person frequently interacts with word processing ap-
plications during the day, the commands "cut" and
"paste" are more likely to be device commands that they
would for someone who instead plays video games with
flying birds. Device settings 316 can indicate social cues
as well. If a user sets their electronic device to alarm
clock mode, it may be likely that they are sleeping and
are not issuing device commands.
[0071] Social media 318 in formation can indicate so-
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cial cues. For example, in one embodiment information
relating to multi-modal social cues from an environment
about the electronic device can be inferred from retrieving
information from a social media server. For example, real
time searches, which may be a keyword search, image
search, or other search, of social media services can find
images, posts, and comments relating to a location de-
termined by the location information 315. Images posted
on a social media service server that were taken at the
same location may reveal multi-modal social cues. Alter-
natively, commentary regarding the location may imply
social cues. Information from third party servers 317 can
be used in this manner as well.
[0072] One further example of the context sensors 108
is repetitive behavior information 319. If, for example, a
person always stops at a coffee shop between 8:00 and
8:15 AM on their way to work, the command, "Pay for the
coffee," is likely to be a device command. As with FIG.
2 above, the physical sensors of FIG. 3 do not constitute
a comprehensive list. Context sensors 108 can be any
type of device that infers context from data of the elec-
tronic device. The context sensors 108 can be configured
as either hardware components, or alternatively as com-
binations of hardware components and software compo-
nents. The context sensors 108 can sensors can analyze
information to, for example, not only detect the user, but
also to determine the social cues and emotional affect of
other people in the vicinity of the electronic device, there-
by further informing inferences about the user’s intent
and what executable control commands are appropriate
given this composite social context. The context sensors
108 can be configured to collect and analyze non-phys-
ical parametric data. While some are shown in FIG. 3,
numerous others could be added. Accordingly, the con-
text sensors 108 of FIG. 3 are illustrative only, as numer-
ous others will be obvious to those of ordinary skill in the
art having the benefit of this disclosure. It should be noted
that one or both of the physical sensors (107) or the con-
text sensors 108, when used in combination, can be cas-
caded in a predefined order to detect a plurality of multi-
modal social cues to determine whether the device com-
mand is intended for the electronic device.
[0073] Turning now to FIG. 4, illustrated therein is one
explanatory method 400 for operating an electronic de-
vice in accordance with one or more embodiments of the
disclosure. Beginning at step 401, one or more physical
sensors (107) are actuated. In one embodiment, the one
or more physical sensors (107) include an audio capture
device (215). In one embodiment at step 401, the audio
capture device (215) comprises an "always ON" audio
capture device. At step 402, the audio capture device
(215) captures audio input.
[0074] At step 403, the method 400 identifies, with one
or more processors (103), a device command from the
audio input. In one or more embodiments, a device com-
mand comprises a call to action. Illustrating by example,
the question "How are you doing?" is not a device com-
mand because no action is requested. By contrast, the

statement "Call my wife" can be a device command be-
cause it includes a call to action, namely, that a person
be contacted telephonically.
[0075] At step 404, the method 400 detects, with one
or more physical sensors (107) or one or more context
sensors (108) one or more multi-modal social cues from
an environment about an electronic device. Turning brief-
ly to FIG. 5, illustrated therein are a few examples of the
myriad of multi-modal social cues 500 that may be de-
tected using the one or more physical sensors (107) or
one or more context sensors (108), alone or in combina-
tion, at step 404.
[0076] One of the simpler multi-modal social cues is a
gesture 501. If, for example, a person says, "what time
is it," it can be quickly and conveyed to the one or more
processors (103) of an electronic device that this ques-
tion constitutes a device command when said in conjunc-
tion with a predefined multi-modal social cue. The ques-
tion could be to a friend. Alternatively, it could be a device
command. Accordingly, in one or more embodiments
when it is accompanied by a multi-modal social cue 500
matching one or more predefined criteria (112), the one
or more processors (103) are to interpret the question as
a device command and are to execute a control operation
in response to the device command.
[0077] Consider this example: a user says, "What time
is it" and then points at the electronic device. In one em-
bodiment, this pointing constitutes a gesture 501, and
the gesture 501 matches a predefined criterion (112)
stored in a memory (104) in that it is directed toward the
electronic device. Accordingly, where the gesture 501
matches one or more predefined criteria (112), the one
or more processors (103) can execute a control operation
in response to the device command. Here, the one or
more processors might announce the time with an audio
output of the other components (106) of the electronic
device.
[0078] The type of gesture 502 can, in one or more
embodiments, determine whether the gesture 501
matches the one or more predefined criteria (112). Illus-
trating by example, a user may be jumping up and down
while making statements. The user may be exercising,
for example. While the proximity detector components
(206) or proximity sensor components (207) can detect
this gesture, it may not meet a predefined criterion (112)
stored in memory (104) because it is not contextually
relevant. By contrast, a hand wave toward the device, or
a point toward the device, or device motion 510 such as
shaking the device itself, would be more contextually rel-
evant and thus may in fact match a predefined criterion
(112).
[0079] Another example of a multi-modal social cue
500 matching one or more predefined criteria (112) oc-
curs when a user is looking 503 toward the electronic
device. This can be determined in one of a variety of
ways. In one embodiment, a gaze detector (212) can
detect a gaze 504 toward the electronic device. In another
embodiment, an intelligent imager (210) might perform
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an iris scan 505 of a user’s eye. In another embodiment,
the intelligent imager (210) might perform a retinal scan.
In still other embodiments, the intelligent imager (210)
might use other biometrics, such a light reflection from a
person’s eyeball to determine which way the eye is look-
ing. When one of these actions occurs in conjunction with
a device command meeting one or more predefined cri-
teria (112), a control operation in response to the device
command can be executed.
[0080] Other examples of multi-modal social cues 500
include whether a user was identified, or alternatively,
how the user was identified. Embodiments of the disclo-
sure contemplate that, in one or more embodiments,
methods described herein may be required to determine
the identity of a user prior to executing a control operation.
For example, if someone asks, "What is the credit card
number of the personal card I have stored?", embodi-
ments of the disclosure contemplate that this information
should only be conveyed to the actual owner of the elec-
tronic device. Accordingly, in one or more embodiments
the multi-modal social cues comprise determining wheth-
er an identity 508 matches a predefined criterion (112),
namely, whether the identity 508 is that of the owner of
the electronic device.
[0081] As such, in one or more embodiments methods
described herein can further require identification of the
user. For example, in one or more embodiments the
physical sensors (107) can work with the heuristic sensor
processor (109) to function as a facial recognition device,
audio recognition device, iris scan device, fingerprint de-
tector, electronic tag detector for a trusted companion
device, such as a smart watch, or other identification de-
vice to determine a detected person’s identity 508. Work-
ing in conjunction, the one or more processors (103) can
identify, at least with a predefined level of certainty, that
the person detected within an environment of the elec-
tronic device is actually the owner of the device. When
this is the case, the one or more processors (103) can
cause the electronic device to execute a control operation
in response to a device command. In one or more em-
bodiments, the one or more processors (103) execute
the control operation only where the identity (508) of the
user matches the predefined criterion (112).
[0082] In one or more embodiments, the voice inter-
face engine (110) can determine the identity of a person
from a voiceprint 509 that serves as a multi-modal social
cue. For example, the audio capture device (215) might
sample audio input to look for a pattern matching the
known voiceprint 509 of an owner of an electronic device.
The voiceprint 509 can define one or more biometric char-
acteristics associated with the owner with some level of
uniqueness. If a match between the sampled signals and
the known biometric voiceprint 509, the one or more proc-
essors (103) can execute a control operation in response
to a device command.
[0083] Information relating to an emotional state 511
or a user, which is also a multi-modal social cue 500, can
also be obtained in this manner. The audio capture device

(215) might sample audio input to look for a pattern
matching known voice inflections or known words to de-
termine information relating to an emotional state 511.
Similarly, an intelligent imager (210) may search for
smiles or frowns or furrowed eyebrows in images to de-
termine information relating to an emotional state 511 of
a user. Thus, in one or more embodiments the multi-
modal social cues 500 comprise information relating to
an emotional state 511 of one or more persons in an
environment of an electronic device.
[0084] In one or more embodiments, a multi-modal so-
cial cue 500 can be responsive to an output to confirm
the device command 512. If, for example, the device com-
mand is "call my wife," in one or more embodiments an
output device of the other components (106) may prompt
the user with output to confirm the device command 512.
In this example, the output to confirm the device com-
mand 512 may be a loudspeaker asking, "Would you like
me to call your wife?" If the command was parsed prop-
erly, the user will deliver a confirmation 513 to the device
command, which can be received by the audio capture
device (215). In this example, the confirmation 513 can
simply be the user stating, "yes." Accordingly, the device
the command will be executed. If the command was
parsed in error, the user will say "no" and the system will
use this feedback to learn and improve its accuracy.
[0085] In one or more embodiments, the one or more
multi-modal social cues 500 can comprise interaction
with a companion device, such as a smart watch, smart
ring, wireless communication accessory, charger, dock-
ing station, or other device. For example, in one embod-
iment the one or more multi-modal social cues comprise
electronically identifying 514 a companion device to the
electronic device. It is contemplated that the companion
device may also be equipped with sensors, and thus may
be able to detect gestures. Thus, in one or more embod-
iments the multi-modal social cue 500 can also include
receiving an electronic communication 514 indicting the
companion device has detected a gesture. For instance,
the companion device may be a watch, pen or other
"smart" device that is sensing the users gestures with
greater fidelity since it is on the body of the user.
[0086] In one or more embodiments, multi-modal so-
cial cues 500 can be gleaned by a number of people
within a thermal radius of an electronic device. For ex-
ample, in one embodiment the proximity detector com-
ponents (206) or proximity sensor components (207) can
determine how many people 515 are within an environ-
ment about the electronic device. Embodiments of the
disclosure contemplate that when multiple people are
within the immediate environment, utterances are more
likely to be conversational rather than device commands.
By contrast, when only one person, and more specifically
the owner, is within the environment, utterances are more
likely to be device commands. Thus, in one embodiment
the control operation is executed only where a predefined
person, namely, the owner of the electronic device, is
within the environment.
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[0087] Of course, any of the information 516 gleaned
from the context sensors (108) shown in FIG. 3 could be
used as multi-modal social cues 500 as well. This in-
cludes mood information relating to a person’s mood
based upon contextual information received from the
physical sensors (107), a person’s emotional state in-
ferred from contextual information received from the
physical sensors (107), calendar information and events
320, wellness information (303), alarm information (304),
device usage data (321), energy storage (307) informa-
tion, consumer purchase information (311), device usage
profiles (312), formal rules and policies (310), familial
rules and policies (313), application data (314), social
media 318 information, location information 315, repeti-
tive behavior information 319, device settings 316, device
operating mode information 309, and so forth.
[0088] Turning now back to FIG. 4, at decision 405 the
method 400 determines whether the one or more multi-
modal social cues (500) detected at step 404 meet one
or more predefined criteria (112) stored in memory (104).
Where the one or more multi-modal social cues (500)
match the one or more predefined criteria (112), the
method 400 executes, with the one or more processors
(103), a control operation in response to the device com-
mand at step 406. Otherwise, the device command is
ignored at step 407.
[0089] Embodiments of the disclosure contemplate
that machines are not perfect, and occasionally a device
command will be accidentally ignored. To ensure that the
proper control operation occurs, in one or more embod-
iments the method 400 includes also receiving additional
user input. For example, if a device command was ig-
nored, the user may shake the device while restating the
device command. The motion detectors (204) can detect
this shaking as additional user input. Whether additional
user input is received is determined at decision 408. In
one or more embodiments, where the one or more multi-
modal social cues (500) fail to match the one or more
predefined criteria (112), and where the one or more ad-
ditional user inputs are received as determined at deci-
sion 408, the method 400 includes still executing, with
the one or more processors (103), the control operation
in response to the device command at step 406.
[0090] While the method 400 of FIG. 4 illustrated a gen-
eral method of operating an electronic device, further ad-
vantages of embodiments of the disclosure are revealed
by another illustrative example. Turning now to FIG. 6 is
a method 600 corresponding to one particular example.
Other examples in accordance with the general method
(400) of FIG. 4 will be readily obvious to those of ordinary
skill in the art having the benefit of this disclosure.
[0091] Beginning with step 601, an audio capture de-
vice (215) is operational. At step 602, the audio capture
device (215) captures audio input comprising a device
command.
[0092] At decision 603, the method 600 determines,
with a voice interface engine (110) operable with the au-
dio capture device (215), whether a predefined user can

be identified. As noted above, this can occur in numerous
ways. For example, in one or more embodiments the
physical sensors (107) can work with the heuristic sensor
processor (109) to function as a facial recognition device,
audio recognition device, iris scan device, fingerprint de-
tector, electronic tag detector for a trusted companion
device, such as a smart watch, or other identification de-
vice to determine a detected person’s identity (508). Al-
ternatively, the voice interface engine (110) can deter-
mine the identity of a person from a voiceprint (509) that
serves as a multi-modal social cue. Other identification
techniques will be obvious to those of ordinary skill in the
art having the benefit of this disclosure. In one embodi-
ment, when a predefined user, i.e., the owner of the elec-
tronic device, is not identified, the device command can
be ignored at step 604.
[0093] In one embodiment, when the predefined user
is identified, the method 600 actuates an intelligent im-
ager (210) at step 605. Step 605 can also include receiv-
ing, with the intelligent imager, one or more multi-modal
social cues (500).
[0094] At decision 606, the method 600 determines,
with one or more processors (103), whether the one or
more multi-modal social cues (500) match one or more
predefined criteria (112). Where the one or more multi-
modal social cues (500) match one or more predefined
criteria (112), the method 600 can identify the device
command at step 607. The method 600 can execute a
control operation in response to the device command at
step 608. As with FIG. 4, if the command is missed and
additional input is received as determined at decision
609, the method 600 can still execute a control operation
in response to the device command at step 608.
[0095] The method 600 of FIG. 6 is illustrative of the
following use case: At step 601, an always-ON micro-
phone can be actuated. This microphone can sample
ambient acoustic signals at step 602. As determined at
decision 603, the method 600 can to look for a pattern
matching the known voiceprint (509). If a match between
the sampled signals and the known voiceprint (509) is
found, then the method 600 can briefly turn on a wide-
angle front facing camera at step 605 and analyze the
real-time image to see if the user is gazing in the direction
of the electronic device, as determined at decision 606.
If the user is in fact gazing at the electronic device, at
step 607 the method 600 will process the buffered audio
signal, perform speech-to-text conversion, and parse the
words to determine if any meaningful commands were
uttered that the electronic device is able to act upon. If a
meaningful action is determined, the command will be
executed at step 608.
[0096] Benefits of the disclosure will be further illus-
trated by comparing FIGS. 7 and 8. In FIG. 7, a user 700
is making a conversational statement 702 telling another
party 701 that they will send a picture of Buster to the
other party 701. By contrast, in FIG. 8 another user 800
is issuing a device command 801 instructing an electronic
device 802 configured in accordance with one or more
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embodiments of the disclosure to send a picture of Buster
to a person named Yoo. The two statements sound eerily
the same, and with prior art devices one would never
expect an electronic device to discern the difference.
However, advantageously, in one or more embodiments
the one or more processors of the electronic device 802
can distinguish whether the device command is directed
to the electronic device 802, or is instead merely a con-
versational statement directed to another person. Em-
bodiments of the disclosure contemplate that some de-
vice commands can sound like mere conversational
statements. Using multi-modal social cues such as gaze
and other cues described above, in one or more embod-
iments the one or more processors can distinguish
whether a device command is directed to the electronic
device 802 as a function of the multi-modal social cues,
or is instead a statement intended for a person that should
be ignored. In one or more embodiments, the one or more
processors can execute the control operation only upon
detecting the device command is intended for the elec-
tronic device. Thus, using embodiments of the disclosure
the device command 801 gets executed and the conver-
sational statement 702 intended for another person gets
ignored. This is despite the fact that the device command
801 can sound exactly like the conversational statement
702.
[0097] Similarly, embodiments of the disclosure can
result in the one or more processors discriminating be-
tween two identically sounding statements that have dif-
ferent intentions. For example, the statement, "Yoo can
cook," and the question "You can cook?" sound exactly
alike. However, in one or more embodiments the one or
more processors can discriminate between these phras-
es as a function of the multi-modal social cues. In one or
more embodiments, the one or more processors can thus
execute different control operations as a function of social
cues. Accordingly, in one or more embodiments social
cue information can be used to inform the heuristics of
the original intent to determine which control operation
to execute, if any. Thus, in one or more embodiments
the one or more processors can determine whether a
detect device command is a first device command or a
second device command from the one or more multi-
modal social cues, and where the device command is
the first device command, execute the control operation.
By contrast, where the device command is the second
device command, the one or more processors can exe-
cute a different control operation.
[0098] At FIG. 7, an electronic device 802 configured
in accordance with one or more embodiments of the dis-
closure detects 703 user 700 as a predefined owner of
the electronic device 802. In this illustrative embodiment,
the electronic device 802 electronically identifying a com-
panion device 704 worn by the user 700, which in this
case is a smart watch that has been paired to the elec-
tronic device 802 to define the smart watch as a trusted
device owned by a predefined user, namely, the owner
of the electronic device 802.

[0099] Using its always-ON microphone, the electronic
device captures the conversational statement 702. To be
sure, the conversational statement 702 could be a device
command. However, in this example the conversational
statement 702 is to be ignored. This is true for two rea-
sons: First, the user 700 fails to make a multi-modal social
cue (500) confirming that the conversational statement
702 is a device command. Instead, the user 700 is looking
directly at the other person 701. Second, the electronic
device 802 determines 705 the other person 701 within
the environment and has been programmed to execute
control operations in response to device commands only
when the predefined user is the only person in the envi-
ronment. Accordingly, the conversational statement is ig-
nored. If this occurs in error, the user 700 can deliver
additional user input. For example, the user may make
a gesture that is detected by the companion device 704.
The companion device 704 may then transmit an elec-
tronic communication indicting the companion device
has detected a gesture, thereby causing a control oper-
ation to be executed.
[0100] By contrast, in FIG. 8 the user 800 makes a
multi-modal social cue (500) by delivering a gaze 803
toward the electronic device 802. This confirms that the
device command 801 is in fact a device command 801.
In this illustrative embodiment, the electronic device 802
delivers 804, with an output device, output 805 to confirm
the device command 801. The electronic device 802 then
receives, with an audio capture device, a confirmation
513 of the device command 801. Thus, the electronic
device 802 can compose an email comprising a picture
of Buster to send to Yoo. The user 800 was able to cause
the electronic device 802 to do this without complex ma-
nipulation of the electronic device 802. Instead, the user
800 merely needed to execute a simple social cue to
accurately and swiftly cause the electronic device 802 to
execute a control operation in response to the device
command 801.
[0101] In the foregoing specification, specific embodi-
ments of the present disclosure have been described.
However, one of ordinary skill in the art appreciates that
various modifications and changes can be made without
departing from the scope of the present disclosure as set
forth in the claims below. Thus, while preferred embod-
iments of the disclosure have been illustrated and de-
scribed, it is clear that the disclosure is not so limited.
Numerous modifications, changes, variations, substitu-
tions, and equivalents will occur to those skilled in the art
without departing from the spirit and scope of the present
disclosure as defined by the following claims. According-
ly, the specification and figures are to be regarded in an
illustrative rather than a restrictive sense, and all such
modifications are intended to be included within the
scope of present disclosure. The benefits, advantages,
solutions to problems, and any element(s) that may
cause any benefit, advantage, or solution to occur or be-
come more pronounced are not to be construed as a
critical, required, or essential features or elements of any
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or all the claims.

Claims

1. A method in an electronic device, the method com-
prising:

receiving, with an audio capture device, audio
input;
identifying, with one or more processors, a de-
vice command from the audio input;
detecting, with one or more sensors, one or
more multi-modal social cues from an environ-
ment about the electronic device; and
where the one or more multi-modal social cues
match one or more predefined criteria, execut-
ing, with the one or more processors, a control
operation in response to the device command.

2. The method of claim 1, wherein the one or more mul-
ti-modal social cues comprise one or more of a phys-
ical gesture or a gaze toward the electronic device.

3. The method of claim 1 or claim 2, wherein the one
or more multi-modal social cues comprise informa-
tion relating to an emotional state of one or more
persons in the environment.

4. The method of any of claims 1 to 3, wherein the one
or more multi-modal social cues comprise:

electronically identifying a companion device to
the electronic device; and
receiving an electronic communication indicting
the companion device has detected a gesture.

5. The method of any of claims 1 to 4, further comprising
determining, with a voice interface engine, an identity
of a user from the audio input.

6. The method of claim 5, the executing occurring only
where the identity of the user matches a predefined
criterion.

7. The method of any of claims 1 to 6, further comprising
also receiving one or more additional user inputs.

8. The method of claim 7, where the one or more multi-
modal social cues fail to match the one or more pre-
defined criteria, and where the one or more addition-
al user inputs are received, still executing, with the
one or more processors, the control operation in re-
sponse to the device command.

9. A method in an electronic device, comprising:

receiving, with an audio capture device, audio

input comprising a device command;
determining, with a voice interface engine oper-
able with the audio capture device, whether a
predefined user can be identified from the audio
input;
where the predefined user can be identified, ac-
tuating, with one or more processors, an intelli-
gent imager;
receiving, with the intelligent imager, one or
more multi-modal social cues;
determining, with the one or more processors,
whether the one or more multi-modal social cues
match one or more predefined criteria; and
where the one or more multi-modal social cues
match the one or more predefined criteria, exe-
cuting, with the one or more processors, a con-
trol operation in response to the device com-
mand.

10. The method of claim 9, the one or more multi-modal
social cues comprising one or more of:

a gaze toward the electronic device;
a gesture toward the electronic device; or
an image of the predefined user comprising
mood information corresponding to the prede-
fined user.

11. An electronic device, comprising:

one or more processors;
an audio capture device, operable with the one
or more processors; and
one or more sensors, operable with the one or
more processors;

the one or more processors to:

cause the audio capture device to receive an
audio input;
identify, from signals from the audio capture de-
vice, a device command from the audio input;
detect, with the one or more sensors, one or
more multi-modal social cues from an environ-
ment about the electronic device; and
where the one or more multi-modal social cues
match one or more predefined criteria, execute
a control operation in response to the device
command.

12. The electronic device of claim 11, the one or more
sensors comprising an intelligent imager to detect a
gaze toward the electronic device.

13. The electronic device of claim 11 or claim 12, the
one or more processors to:

determine whether the device command is a first
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device command or a second device command
from the one or more multi-modal social cues;
and
where the device command is the first device
command, execute the control operation; and
where the device command is the second device
command, execute a different control operation.

14. The electronic device of any of claims 11 to 13, the
one or more processors further to distinguish, with
the one or more sensors, whether the device com-
mand is directed at the electronic device as a function
of the one or more multi-modal social cues, and to
execute the control operation only when the device
command is directed to the electronic device.

15. The electronic device of any of claim 11 to 14, the
one or more sensors cascaded in a predefined order
to detect a plurality of multi-modal social cues to de-
termine whether the device command is intended for
the electronic device.
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